Differential and angle-integrated cross sections for the 10 B(n, α) 7 Li, 10 B(n, α0) 7 Li and 10 B(n, α1) 7 Li * reactions have been measured at CSNS Back-n white neutron source. Two enriched (90%) 10 B samples 5.0 cm in diameter and ~85.0 μg/cm 2 in thickness each with an aluminum backing were prepared, and back-to-back mounted at the sample holder. The charged particles were detected using the silicon-detector array of the Light-charged Particle Detector Array (LPDA) system. The neutron energy En was determined by TOF (time-of-flight) method, and the valid α events were extracted from the En-Amplitude two-dimensional spectrum. With 15 silicon detectors, the differential cross sections of α-particles were measured from 19.2° to 160.8°. Fitted with the Legendre polynomial series, the (n, α) cross sections were obtained through integration. The absolute cross sections were normalized using the standard cross sections of the 10 B(n, α) 7 Li reaction in the 0.3 − 0.5 MeV neutron energy region. The measurement neutron energy range for the 10 B(n, α) 7 Li reaction is 1.0 eV ≤ En < 2.5 MeV (67 energy points), and for the 10 B(n, α0) 7 Li and 10 B(n, α1) 7 Li * reactions is 1.0 eV ≤ En < 1.0 MeV (59 energy points). The present results have been analyzed by the resonance reaction mechanism and the level structure of the 11 B compound system, and compared with existing measurements and evaluations.
Two enriched (90%) 10 B samples were prepared as shown in Fig. 2 . Each 10 B sample was evaporated on an aluminum sheet 50 μm in thickness. The two samples were 5.0 cm in diameter both, and 82.59 and 85.05 μg/cm 2 in thickness, respectively. The two 10 B samples were back-to-back mounted at one of the four sample positions of the sample holder as shown in Fig. 3 . At other sample positions, two back-to-back 241 Am α sources and two aluminum sheets 50 μm each in thickness were mounted. The 241 Am α sources were used to calibrate the detectors and the DAQ (Data Acquisition) system, and the aluminum sheets were used for the background measurement. The angle between the normal of the samples and the neutron beam line was 60° as shown in Fig.4 (a) so that the energy loss of α- 4 particles from the samples could be minimized. 
C. Detectors
The charged particles were detected by the LPDA system, which mainly consisted of a silicon detector array and a vacuum chamber as shown in Fig. 4 . Apart from the silicon detectors, other detectors such as a gridded ionization chamber (GIC) and three ΔE-E detectors were installed and tested. Fifteen rectangular (2.0 cm × 2.5 cm) silicon detectors 500 μm in thickness could cover the emission angle of the particles from 19.2° to 160.8°, and their solid angles were (0.0123 -0.0125) (±0.3%) sr according to Monte Carlo simulation. The distance between the center of the silicon detector and that of the 10 
D. DAQ system
The DAQ system was designed based on PXIe platform [15] . The sampling rate of the DAQ system was 1 GHz with the resolution of 12 bits. When the signal amplitude exceeded the predefined threshold of the corresponding channel, the full signal waveform with a time window 15 μs would be recorded. In order to obtain the starting time of the signal, the original signal was filtered and differentiated, and the starting time was determined by the position of the one-tenth maximum height of differentiated signal. The TOF of the neutron could be calculated by event 0
where event T is the signal starting time of the corresponding event, 0 T is the generation moment of the related neutrons determined using the starting time of γ-flash events, L is the length of flight path, c is the velocity of light. The neutron energy distribution due to the double-bunched operation mode would be unfolded as described in section III.C. The net events in different energy bins at each detection angle could be obtained after the background subtraction shown in Fig. 7 as an example. The normalization factor was decided by the ratio of the number of the protons in the beam during the foreground measurement over that during the background measurement. Although the background from the sample itself, such as the charge particles from the 11 B(n, p) (Q = 0.23 MeV) and 10 B(n, t2α) (Q = 0.32 MeV) reactions, could not be subtracted, these interferences can be ignored in En < 1 MeV region because of their fairly small cross sections [2] . In the 1.0 MeV ≤ En < 2.5 MeV region, the valid-event-area could be separated from background area because the charged particles from the background reactions with small Q-values have quite low energies. For En ≥ 2.5 MeV, the energies of the emitted background particles are high enough to interfere with the valid-event-area. Besides, the recoil protons from hydrogen adsorbed in the samples would be another notable source of the background. Therefore only the cross sections of the 10 B(n, α) 7 Li reaction below 2.5 MeV region were obtained in the present measurement. 
B. The unfolding of the neutron energy bin width
Count θ Lab (° ) 19 were fitted using the Legendre polynomial series, then the fitting curve were convoluted with the simulated distribution shown in Fig. 8 . The process of deconvolution and iteration would take the anisotropy into account. After that, the new corrected relative differential cross section bin, After the processes presented in sections III.A − F, the differential and angle-integrated cross sections the 10 B(n, α) 7 Li reaction have been obtained. The 10 B(n, α) 7 Li reaction has two reaction channels which are the 10 B(n, α0) 7 Li and 10 B(n, α1) 7 Li * reactions. Their differential cross sections, Firstly, from the spectrum at the corresponding neutron energy bin and the detection angle, the valley between the two peaks of α0 and α1 could be found. If the minimum height of the valley was less than the one-tenth maximum height of the lower peak (usually α0 peak), a threshold at the least-count position would separate the two peaks directly as an example shown in Fig. 11 (a). In this condition, the area of the overlap is less than 2 % of the α0 or α1 peak area, and the overlap is thus negligible. Below 0.01 MeV, the α0 and α1 peaks of most spectra could be separated directly, except for the spectra of several detection angles, such as 19.2° and 160.8°. Secondly, if the overlap between the two peaks in the spectrum of net α events cannot be ignored, then double Gaussian functions were used to fit them. Compared with other fitting functions, such as the exponential function and the polynomial function, the double Gaussian functions agree better with the measurement spectrum. Then the area of the overlapping region would be separated by the fitting result. A typical example is shown in Fig. 11 , are quite large at the detection angles of 19.2° and 160.8°, because the emitted α-particles at these two emission angles would have longer track in the sample, which lead to more energy loss and more overlap of the two peaks. The final results are presented in Table. III and Table. IV 
IV. Discussions

A. Comparison of the results with different measurements and evaluations
The present differential cross sections have been compared with existing measurement data and evaluations [3, 5]: 1) For En < 0.1 MeV, the present differential cross sections of the 10 B(n, α) 7 Li, 10 B(n, α0) 7 Li and 10 B(n, α1) 7 Li * reactions agree well with the measurement data of Hambsch (2009, 0.40 keV − 1.20 MeV, normalized by ENDF/B- 16 VIII.0) and Stelts [7] (1979, 2 keV − 24 keV, normalized by ENDF/B-VIII.0) relatively. The present differential cross sections of the 10 B(n, α) 7 Li, 10 B(n, α0) 7 Li and 10 B(n, α1) 7 Li * reactions show that the differential cross sections are almost isotropic in the center-of-mass system and slightly forward-peaked in the laboratory system, as well as those of different evaluations.
2) In the 0.1 MeV ≤ En < 1.0 MeV region, the present differential cross sections of the 10 B(n, α) 7 For the present differential cross sections of the 10 B(n, α0) 7 Li reaction, there are differences between the present data and the measurement data of Hambsch, as well as those of ENDF/B-VIII.0 and ENDF/B-VII.1 library. In this neutron energy region, compared with the measurement data of Hambsch and evaluation data, the present differential cross sections are commonly higher in the forward emission angles, and lower in the backward angles. However, due to the large uncertainty of the present results of the 10 B(n, α0) 7 Li reaction, more research is needed to clarified these differences.
Besides, the present differential cross sections of the 10 B(n, α0) 7 3) For the 10 B(n, α1) 7 Li * reaction, the present cross sections agree well with the measurement data of Schrack The big 10 B(n, α1) / 10 B(n, α) cross-section ratio for the low neutron energy region could be explained by the resonance reaction mechanism and the level structure of the 11 B compound system [23] . When the 10 . For the 10 B(n, α0) 7 Li reaction, the differential cross sections are backward-peaked in 0.3 − 0.6 MeV region as shown in Fig. 12 (e) , which are caused by the resonance of 5/2 − p-wave state of the 11 B which would occur as En ≈ 0.52 MeV. As for the excitation function, the resonance of 5/2 − p-wave state would lead to a peak of the 10 B(n, α0) 7 Li reaction around En = 0.50 MeV. Because of the competition of the 10 B(n, α0) 7 Li reaction, the cross section of the 10 B(n, α1) 7 Li * reaction would decrease rapidly above 0.50 MeV region [2] . For 1.0 MeV ≤ En < 2.5 MeV, the differential cross sections of the 10 B(n, α) 7 Li reaction are approximately forward-peaked in the laboratory (Lab) system, while the deviations exist between the measurements and evaluations.
For example, the anomaly was observed as shown in Fig. 9 (h) around En = 1.80 MeV. It might be due to the contribution of the resonance of the 9/2 − p-wave state at En = 1.83 MeV and 5/2 + or 7/2 + d-wave state at En = 1.88 MeV of 11 B [25] . These resonance states would also lead to the peak of the excitation function of the 10 B(n, α) 7 Li reaction near En ≈ 1.80 MeV as shown in Fig. 10 .
VI. Conclusions
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